The study of the triacylglycerols (TAG) by gas chromatography (GC) using capillary columns is an efficient technique for the determination of some characteristics of quality of fats and oils. The objective of the present study was to determine by GC the content of TAG present in fat of cow and goat milk produced in four zones of Mexico. According to criteria established in Mexican Standardization, 25 samples were obtained of 1 L of ultra-pasteurized cow milk (UHT) and 27 and 48 of raw cow and goat milk, respectively. The fat was extracted from all of the milk samples by detergent solution, and was stored at −20˚C until its analysis. The chromatographic conditions made it possible to identify and quantify TAG of 28 to 54 numbers of carbons, which were analyzed under descriptive and inferential statistical techniques. For the cow milk fat, the statistical analyses indicated significant difference (p < 0.05) in the TAG C34, C50 and C52, and for the goat milk fat in the TAG of C36 to C52. No equality of means was found among the TAG of the cow and goat milk fat. This study offers an advance in the characterization of the TAG present in the cow and goat milk fat produced in Mexico.
Introduction
The United Nations Organization for Food and Agriculture (FAO) estimated for 2012 a world cow milk production of 754 million tons. Of this production, the United States is the country that produced the most (12%), followed by India, China, Brazil and Russia, with 54, 37, 32 and 31 million tons, respectively. Mexico produced approximately 11 million tons [1] [2] . However, world milk production is variable through time, for example, taking a period of 6 years, statistics indicate that some countries have reduced production, while others have increased it; such is the case of the Ukraine and Australia, which produced 13 and 11 million tons in 2003, respectively, while in 2009 they had a milk production of 86, 46, 28, 29 and 11, respectively [3] . In the case of goat milk, world production for 2005 was 12.5 million tons, of which Asia (principally India and Bangladesh) produced 53%, Africa (Sudan outstanding) 23%, Europe (France, and Spain) 21%, and America represented 3% of world production [4] . With data of the FIL, a gradual increment has been observed in world production of goat milk, obtaining a production of 11.6 million tons in 1998 and 13.8 in 2008 [5] . In Mexico, production has also increased due to the growing demand of raw milk and some derivates such as cheese, cajeta (caramelized goat milk) and other sweets [6] [7] , representing approximately 1.5% of world production. Official data registered 152,332 tons in 2013 [2] .
In Mexico, principally in the Mexican Highland and the northern part of the country, the Holstein race is the most important in cow milk production and the races Saanen and French Alpine for goat milk [8] [9] .
The above data highlight the importance of milk production in Mexico and the world, and thus some characteristics of quality and safety should be considered with the purpose of guaranteeing healthy products to the consumer of dairy products. Within the criteria of quality, microbiological, chemical, (content of protein, fat and lactose) and physical characteristics such as cryoscopic point, and density are considered, among others. However, there are other variables that day by day are required and incorporated in the food industry, such is the case of pernicious substances (pesticides, polychlorinated biphenyls, etc.) and/or health promoters (some fatty acids, TAG and sterols).
The analytical techniques which permit an evaluation of quality and safety of milk require knowledge and basic equipment of relatively low cost, such as contents of fat, protein and lactose; pH; acidity; caseins; among others. However, there are also other complementary analyses which are now required in the dairy industry to guarantee safety as well as quality of the products. Among those to be considered are the analyses of proteins by capillary electrophoresis, microbiological analyses through molecular biology, toxic residuals and composition of lipids by different methods, such as fine layer chromatography, gas chromatography and/or high performance liquid chromatography. Of these analyses, the composition of lipids represents a priority area in many research centers throughout the world.
Materials and Methods

Taking of Samples
1) Ultra-pasteurized milk fat (UHT) (n = 25). Samples of 1 liter of UHT milk were collected every seven days during 10 weeks, from three dairy industries which market their products in the state of Jalisco (according to the availability of the market the number of samples for each industry was: A = 8, B = 10 and C = 7). The collection was made according to the methodology proposed by the International Dairy Federation and Mexican Norm [10] [11]. The fatty matter was extracted by means of a detergent solution [12] and was maintained at −20˚C until its analysis.
2) Raw cow milk fat (n = 27). Samples of 1 liter of raw milk were obtained every seven days during 9 weeks, from three intensive production units (stables) of the state of Jalisco. The fatty matter was extracted and stored under conditions similar to those of the UHT milk fat.
3) Raw goat milk fat (n = 48). Samples of 1 liter of raw milk were obtained every seven days during 12 weeks, from four zones of three states of Mexico (Apaseo el Grande, Guanajuato; Topilejo, D.F.: Celaya, Guanajuato and Jalisco, Jalisco). The four sampling zones have milk producing goats of the races Saanen and French Alpine. The fatty matter was extracted and stored under conditions similar to those of the UHT milk fat. 
Chromatographic Analysis
Preparation of TAG Standard and Determination of Correction Factors
The TAG standard of 100 mg at 99% 178-11: Tricaprylin (C8:0) 20%; tricaprin (C10:0) 20%; trilaurin (C12:0) 20%; trimyristin (C14:0) 20%; tripalmitin (C16:0) 20% was from the commercial firm Sigma Chemical Co. St Louis MO 63178 USA. The vial of 100 mg (20 mg of each one of the 5 triacylglycerols) was dissolved in 5 mL of n-hexane. 1 μL of the solution was injected five times to determine retention time and the percentage of area for every TAG. Average retention time was calculated, and correction factors were calculated considering the response factor for the trilaurin (C36) as 1.0, and using the following formula: 
Statistical Techniques
Descriptive statistic, t-student test for comparison of means of independent samples, one track analysis of variance (ANOVA) followed by a Tukey test for comparison of means. For the statistical analysis the statistical program used was SPSS version 21.0 for Windows. Table 1 presents the mean values (% w/w) and standard deviations of the contents of TAG in the fats of ultrapasteurized cow milk of the three selected industries (A, B and C), as well as in the raw cow milk; fourteen TAG were identified and quantified with even numbers of carbon from 28 to 54 (C28 to C54). Table 2 shows the mean values and standard deviations of the TAG found in the fat of goat milk of the four zones studied. As can be observed, as in the cow milk, 14 TAG were identified and quantified with even carbon numbers of 28 to 54.
Results
The distribution of the global mean values of TAG in the two types of milk is represented in Figure 1 . By visual inspection, it is observed that both milks form a distribution similar to C28 to C44, but different in the rest of the TAG.
Discussion
The composition of the TAG identified in the cow milk was similar to what was informed by Precht for samples of bovine milk [13] . The standard deviations showed low dispersion in the composition of the TAG, except for the TAG with 34 carbons, which in general terms, is similar to what was informed by Timms, Pinto et al., Fontecha et al., Gutiérrez et al. and Zhou et al. [14] - [18] . In Table 1 it is observed that the values of TAG in ultra-pasteurized and raw milk were consistent. However, the analysis of variance (ANOVA) showed significant difference (p < 0.05) among the means of the TAG of high molecular weight C50 and C52; the maximum mean values were found in industry C, being similar (p ≥ 0.05) to industry B in C50 and to industry B and raw milk in C52. For the case of the TAG of medium weight, the ANOVA indicated statistical significance only for C34, but in a marginal way (p = 0.05), industry C presented minimum mean value having equality (p ≥ 0.05) with the values found in industry B and raw milk. The values and differences found in this study are quantitatively different from what was informed in another work made for UHT milk fats commercialized in Mexico City and raw milk produced in Mexico City, Hidalgo and the State of Mexico [17] . Particularly for the TAG C34, C36, C38 and C40, the maximum mean values (11.17, 16.87, 17.19 and 12. 34 % w/w, respectively) were found in this study, while the minimum mean values of C48, C50 and C52 (8.15, 14.56 and 16.68 % w/w, respectively, were higher in the study of Gutiérrez et al. [17] . These differences show that the origin factor is determinant in the content of TAG present in the fats of milks produced in different regions. Table 3 presents the values of TAG obtained in various studies made in different countries. It can be observed that the factors time, origin and race have an effect on the composition of the TAG in the milk. In another study made in Switzerland with cow milk fat, it was observed that, as in the present work, the highest values of TAG were presented by C36, C38 and C40, with an interval of 10.45 to 13.30 % w/w, with the maximum value for C38 (13.30 % w/w) [19] . In the United States, Depeters et al. informed maximum levels in the same TAG, although the highest value was presented by C36 (15.54 % w/w) [20] . In both studies the dairy cows were fed diets with different sources of lipids (seeds of cotton, sunflower and soybean), which explains the effect of the modification of the component of the diet of the animal on the profiles of fatty acids and TAG. The values of TAG presented in Table 3 placed C38 as maximum value (16.87 % w/w), coinciding with what was informed by Contarini et al. and Gutiérrez et al. [17] [19] .
In goat milk, its TAG composition did not present a bimodal distribution like cow milk, the maximum values were found in the TAG C38 and C40 (Table 2 and Figure 1) . According to the literature consulted there are studies with unimodal and bimodal TAG distributions, and with maximums and minimums in different TAG. Examples of this are found in the works made in Spain by Fontecha et al. and Fontecha et al. in which a unimodal tendency was found in the TAG contents of goat milk with maximums in TAG C40, C42 and C44, and in a study carried out in the United States, a bimodal distribution was found, very similar to what was observed for cow milk, with maximums in TAG C36, C38 and C40 and a minimum in C42, C44, C46 and C48 [21] - [23] . Smiddy et al. registered in goat milk fat from Holland maximum levels in C38, C40 and C42 with values of 11.85, 12.14 and 11.14 % w/w, respectively [24] .
The ANOVA gave significant differences (p < 0.05) for the TAG interval of C36 to C52, with the milk fat produced in Celaya having the maximum mean values in the TAG of C36 to C42, and the minimum mean values in the TAG of C46 to C52. These results are understandable, if it is considered that race and origin are determinant factors of milk composition and consequently of its triglyceric content.
It was observed, in general terms, that the sum of the TAG intervals of short chain (C28 to C34) , medium chain (C38 to C44) and long chain (C46 to C54) presented a pattern in goat milk similar to the values informed by Fontecha et al. [16] . The percentages for this study were C38-C34 = 22.7, C36-C44 = 64.3 and C46-C54 = 12.9, which is explainable if it is considered that the fatty acids that are predominantly present in goat milk fat are of short, medium and long chain, from acetic to oleic [25] [26] .
In Mexico there are no studies on the levels of TAG in goat milk, however, the mean values found in this study have a certain similarity, but also some differences to what was informed by other authors in Spain, the United States and Holland [16] [22] [24] . In a study made by Fontecha et al., it is demonstrated that the TAG with highest values present in goat milk fat are C36 to C44, with a maximum value in C40 (12.62 % w/w) [23] . It is imperative to mention that the value of C40 is not very far from what was found for C38 (12. 08 % w/w) and C42 (12.51 % w/w). In fact, because of the closeness of the values, it could be considered that there is no statistical difference between them. In this study the maximum value corresponded to C38 (17.03 % w/w).
Finally, the t-student test made it possible to define that there is no statistical difference (p ≥ 0.05) between the means of TAG of the (C28 TO C54) of the cow and goat milk. These results are congruent with what was reported in the literature [16] [24] and are relatively to explain, given that on one hand it has been informed that the percentage of the goat milk fat is three times more than in cow milk. It has also been documented by means of stereospecific analysis of fatty acids in the three positions of the stereochemical analysis of the glycerol, that the contents of fatty acids are different in the milks produced by different mammals [22] [27] [28] . In Figure 1 it is observed that the contents of TAG C34, C36, C38, C48 C50 and C52 are notably higher in cow milk fat, while the contents of C42 and C44 are higher in goat milk fat.
Conclusion
The chromatographic analysis recorded TAG of 28 to 54 carbons in fats of cow and goat milk. For the cow milk fat, the statistical analysis indicated significant to 95% in the TAG C34, C50 and C52, and for the goat milk fat in the TAG of C36 to C52.
This study offers an advance in the characterization of the TAG present in the cow and goat milk fat produced in Mexico.
